INTRODUCTION
The natural circulation helium loop represents a perspective method of a fast reactor gas cooling. It is a unique concept at present which is still in development and prototypes of which are tested [1] , [4] . Gaseous helium reactor cooling has its undoubted benefits contrary to similar devices utilizing other coolants (sodium, liquid metals). From the point of view of thermodynamics it is the high efficiency of thermal energy transport at high temperatures. From the point of view of physical and chemical properties they are especially excellent optical properties, non-toxicity, safety and high values of thermal conductivity and specific heat [5] . Within the framework of a research of properties of such device determined for the reactor cooling the demonstration helium loop with thermal power of 250 kW is under construction.
Its base properties are following:
-hot branch maximum temperature T 1 =520°C -cold branch maximum temperature T 2 =250°C -operation reference pressure p=7,0 MPa -nominal thermal power P=250 kW
The CFD simulation of flow in both cold and hot branch of the loop for a purpose of optimization of hydraulic losses is also a part of this research. The flow in the loop is namely caused by a difference of hydrostatic pressures between hot and cold branch [3] . By the subtracting of pipe losses from this difference we get the total pressure gradient available for overcoming of hydraulic losses in heat exchangers. It is important to know this pressure gradient in dependence on a flow rate during the hydraulic design of the exchangers. In reality it is important to know its value for the given flow rate as accurate as possible, because the difference of hydrostatic pressures between the branches is not too high. The CFD is helpful as a very powerful tool for the estimation of the pressure gradient. One-dimensional methods commonly used for the estimation of pipe losses are not appropriate because the pipe branches are relatively short and so the velocity profiles are not fully developed. The reached calculation error could be too high in relation to other values of pressure differences. The total pressure loss in pipe branches is in tenth of Pascals because the speeds of flow in the short pipes are relatively low. In such a case it is important to carry out the sensitivity analysis on the utilized turbulence model because the losses are closely related to it.
CONDITIONS OF FLOW IN THE LOOP
A scheme of the demonstration helium loop is pictured in the fig. 1a . The fig. 1a depicts a position of the cooler (C) and heater (H). Helium rises in the hot branch to the cooler (C) and drops towards the heater (H). The heating of helium in the heater is provided by an electric current. The cooling in the cooler is provided by cold water. Pressures in the hot branch are denoted as p 1IN (input) and p 1OUT (output). The cold branch has similarly the input pressure p 2IN and the output pressure p 2OUT . Let's denote the pressure differences on particular items of the loop by this manner: Δp C (cooler), Δp H (heater), Δp 1 (hot branch), Δp 2 (cold branch). They will be expressed as follows, taking into account the flow direction and the notation from the fig. 1 :
The sum of all pressure differences along the closed loop must be equal to zero:
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The validity of the equation (5) may be easily proved by substituting of relations from (1) to (4):
The member on the left side of the equation (6) presents the total pressure gradient driving the helium through both exchangers. This pressure gradient is the difference of hydrostatic pressures between the hot and the cold branch (both have the same height h) reduced by the pressure losses in both branches. The equation (6) is crucial for the hydraulic design of both heat exchangers. If the sum of local losses in both heat exchangers will be greater than the left side of the equation (6), the requested flow rate in the helium loop will not be reached.
BASIS OF THE CFD SIMULATION
The CFD simulation was carried out in the cold and the hot branch separately, it means independently to each other. Boundary conditions were chosen as follows: The subjects of the calculation are p 1IN -the pressure at the hot branch input and p 2IN -the pressure at the cold branch input. The pressure p 1OUT at the output of the hot branch was set up to the value of the reference pressure p 1OUT =7 MPa. The pressure at the input of the hot branch p 1IN was estimated in the first step by the CFD simulation. The CFD simulation of flow in the cold branch was performed in the second step. The boundary condition in the cold branch was defined for the second step as follows: p 2OUT =p 1IN . The calculation provides the pressure at the input of the cold branch p 2IN . This procedure simplifies the closed loop to the scheme pictured in the fig. 1b . The scheme is characterized by the feature that losses of both exchangers are joined into one item denoted as C-H, the total loss of which is Δp C +Δp H according the equation (6). Mentioned simplification was done in consideration of the fact that the total loss in both exchangers is in tenths of pascals so that the pressure contrary to the temperature does not affect helium properties in both branches significantly (absolute pressure in the system is in millions of pascals). The heat transfer through the pipe walls is neglected in the calculation and pipes are considered as perfectly thermally isolated. That is why the constant temperatures are in both branches. The flow in particular branches is on the basis of mentioned simplifications considered isothermal, isobaric (pressure loss in the branch is low respect to the reference pressure) and incompressible with constant helium properties as are density and viscosity. Material properties of helium were estimated for the CFD calculation separately for the cold and the hot branch as follows:
Cold branch, pressure p 2 =7MPa; T 2 = 250° C: Density ρ 2 =6,6 kg/m 3 ; specific heat capacity c p2 = 5190 J/(kg K); thermal conductivity λ 2 =0,23 W/(m K); dynamic viscosity μ 2 =2,9·10 The calculation was carried out on the half of the calculation domain and the planar symmetry was applied. The calculation mesh was created in the software ANSYS Mesh. The meshing software has supplied automatic data flow from the CAD software where the 3D geometry of the calculation domain (3D CAD model) was created. The mesh is parameterized and so it is automatically adapted to every further change of the loop geometry. The mesh consists only of hexahedral elements and it is refined in the vicinity of the wall. The number of elements as well as refinement in particular parts of the domain is possible to control by a fast change of mesh parameters directly in the graphic interface of the software ANSYS Mesh (eventually after parameterization of these variables also in the software WorkBench). The detailed view on the mesh is in the fig. 2 . The mesh is refined in the core similar to [2] . Geometrical parameters of the loop pipes are following: Internal diameter of both branches d=0,150 m; radiuses of elbows r=0,15 m; loop height (vertical distance between the highest and lowest point) h=10 m. The mass flow rate of helium in the loop was Q m =0,1605 kg/s, and it corresponds for given parameters to the thermal power of 250 kW on both exchangers (if the temperatures in the hot and cold branch 520°C / 250°C are met).
It is necessary to find out the pressure gradient available for balancing of hydraulic losses in both exchangers very accurately. This gradient following from the equation (6) is a basis for the correct design of the exchangers. Thus, it is very important to find out how does the turbulence model influence the result of the CFD simulation. The calculation was carried out with the same mesh density with following turbulence models: standard k-ε with the logarithmic wall function, k-ε -RNG with the logarithmic wall function, standard k-ε -with the logarithmic wall function, k-ω -SST with automatic wall treatment and RSM with the logarithmic wall function. The results of the pressure and velocity distribution in the hot branch are presented in the fig. 3 A similar procedure was utilized also for other turbulence models. Achieved results show relatively good agreement and their comparison is presented in the tab. 1.
CONCLUSION
Hydraulic properties of the natural circulation helium loop were investigated. Such a loop seems to be a perspective cooling system of fast reactors in the future. It was demonstrated that helium has proper physical properties for forming the necessary pressure gradient on the basis of SCIENTIFIC PROCEEDINGS 2015, Faculty of Mechanical Engineering, STU in Bratislava Vol. 23, 2015, pp. 31 -36, DOI: 10.1515/stu-2015-0006 different temperatures in both cold and hot branch so that the natural circulation for requested thermal power occurs. Hydraulic properties of the experimental loop which is now under construction were investigated by methods of CFD. The procedure for the CFD simulation of steady flow in the natural circulation loop branches was presented. Achieved results are the basis for the hydraulic design of heat exchangers, because their ability of the heat transport is strongly dependent on the helium flow rate. Because the high accuracy of the calculation is requested, the influence of applied turbulence models was also studied. The table 1 presents a comparison of calculated total pressure gradients available to cover the hydraulic losses in heat exchangers in dependence on applied turbulence model. The results are comparable to each other and they correspond to the results introduced in [2] . It may be stated that the suggested procedure of CFD simulation represents a reliable method for estimation of hydraulic losses in the loop branches.
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